The pathophysiology of stress urinary incontinence in women and its implications for surgical treatment by DeLancey, John O. L.
World J Urol (1997) 15:268-274 © Springer-Verlag 1997 
John O. L. DeLancey 
The pathophysiology of stress urinary incontinence in women 
and its implications for surgical treatment 
Abstract Stress urinary incontinence is a symptom that 
arises from damage to the muscles, nerves, and con- 
nective tissue of  the pelvic floor. Urethral support, ve- 
sical neck function, and function of  the urethral muscles 
are important  determinants of continence. The urethra is 
supported by the action of the levator ani muscles 
through their connection to the endopelvic fascia of the 
anterior vaginal wall. Damage to the connection be- 
tween this fascia and muscle, loss of nerve supply to the 
muscle, or direct muscle damage can influence conti- 
nence. In addition, loss of normal vesical neck closure 
can result in incontinence despite normal urethral sup- 
port. Although the traditional attitude has been to ig-  
nore the urethra as a factor contributing to continence, 
it does play a role in determining stress continence since 
in 50% of continent women, urine enters the urethra 
during increases in abdominal pressure, where it is 
stopped before it can escape from the external meatus. 
Perhaps one of  the most interesting yet least acknowl- 
edged aspects of continence control concerns the coor- 
dination of this system. The muscles of the urethra and 
levator ani contract during a cough to assist continence, 
and little is known about the control of this phenome- 
non. That  operations cure stress incontinence without 
altering nerve or muscle function should not be misin- 
terpreted as indicating that these factors are unimpor- 
tant. 
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This article considers our biological understanding of 
the urinary continence mechanism and explores what 
this knowledge tells us about  our current surgical ap- 
proach to stress urinary incontinence. 
Historical background 
Progress has been made during this century in the sur- 
gical treatment of stress urinary incontinence. Kelly and 
Dumm [15] noticed that the vesical neck failed to close 
properly in many women with severe stress incontinence 
and used silk sutures to narrow the vesical neck in at- 
tempts to cure this problem. A few years later, Bonney 
[1] called attention to urethral support loss in stress- 
incontinent women and plicated the fascia underneath 
the vesical neck to compensate for this loss of urethral 
support. In the late 1940s, Marshall et al. [17] reported 
an empirical observation that if the periurethral tissues 
were sutured to the pubic bone, stress incontinence 
could be alleviated. They had no observation concerning 
the cause of stress incontinence and warned that the 
success of their surgery should not be used to confirm 
any particular theory about  the cause of stress urinary 
incontinence. Despite this admonition, common practice 
has been to use the success of  stress incontinence surgery 
to make inferences about continence biology. 
In the late 1970s the nature of  urethral support loss 
was clarified by Richardson et al. [25], who identified the 
junction of the paravaginal endopelvic fascia with the 
arcus tendineus at the pelvic wall as the anatomic loca- 
tion where the urethral supports failed. Reattachment of 
the detached paravaginal tissues to the arcus tendineus 
alleviated stress incontinence in those women whose stress 
incontinence was caused by paravaginal defect. At about 
the same time, McGuire et al. [19] called attention to the 
importance of determining whether a woman's stress 
incontinence was caused by defective vesical neck 
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function or abnormal support. They observed that a 
group of women existed whose stress incontinence was 
caused not by loss of urethral support but because of 
inadequate vesical neck closure and that these individ- 
uals constituted an important class of women who 
failed typical support operations for stress incontinence. 
These two observations suggested that treatment of 
stress-incontinent women should be based on the type 
of damage present rather than being the same for all 
women. 
These observations have contributed significantly to 
our clinical management of stress urinary incontinence. 
As yet, however, the nature of incontinence defects have 
not yet been tested using the scientific method. During 
the same period in which these clinical observations have 
been made, data have been accumulating concerning 
changes in the pelvic muscle, nerve, and connective tis- 
sue. This article evaluates scientific observations of the 
stress-continence control system, considers the types of 
damage that manifest in women with stress inconti- 
nence, and evaluates how our treatment of stress in- 
continence might benefit from emerging information 
about the neuromuscular and fascial abnormalities that 
exist in incontinent women. 
This remains a relevant exercise despite reports in the 
literature suggesting a high degree of success with sur- 
gery. Not only is there some question about whether 
these high success rates might be completely accurate 
but, in addition, these operations sometimes create new 
problems that leave some women cured of their stress 
incontinence but burdened with a new problem such as 
difficult voiding, detrusor instability, or enterocele. 
Stress-continence control system 
Nature of urethral support 
A lateral view of the pelvic organs displayed in Fig. 1 
reveals the relevant anatomy of the continence control 
system [8]. It should be noticed that some structures 
have been cut away to reveal elements contributing to 
continence. The important components to be noticed 
first are the levator ani muscles, which run from the 
pubic bone to the anal sphincter and behind the rectum 
in a position where they can support the pelvic organs. 
These muscles lie lateral to the arcus tendineus fasciae 
pelvis, a band of endopelvic fascia that stretches between 
the public bone and the ischial spine. It should also be 
noticed how the endopelvic fascia unties the anterior 
vaginal wall (shown through a window cut in the lateral 
vaginal wall) to the arcus tendineus. 
The layer formed by the anterior vaginal wall and its 
connection to the arcus tendineus fasciae pelvis by the 
endopelvic fascia forms a hammock-like layer in which 
the bladder and vesical neck rest [8]. Although this fas- 
cial support is usually thought to be a passive rather 
than an active mechanism, the connection between the 
fascia and the levator ani muscle is an important element 
of this system [7, 10]. This connection permits active 
contraction of the pelvic muscles to elevate the vesical 
neck and their relaxation to allow it to descend [21]. In 
addition, the normal constant activity of the levator ani 
muscles [23] supports the vesical neck during normal 
activities. It is my opinion that the role of the neuro- 
muscular control of the urethral and levator ani muscles 
as well as their attachments to the urethral supportive 
tissues will likely prove to be one of the major deter- 
minants of urinary continence. 
Surgery for stress urinary incontinence is effective in 
eliminating incontinence during increases in abdominal 
pressure. It does not, however, restore normal physiol- 
ogy. The continence mechanism comprises an elegantly 
organized series of nerves, muscles, and connective tissue 
that dynamically influence bladder control. This 
arrangement allows prompt and complete bladder 
emptying while also maintaining continence during tre- 
mendous increases in abdominal pressure. 
The very dynamic nature of this continence control 
system is often overlooked in surgical discussions but is 
critical to our complete understanding of how conti- 
nence is controlled. The dynamic nature of the conti- 
nence system is likely discounted because operations are 
incapable of influencing the coordination and strength 
of the neuromuscular apparatus controlling continence. 
Therefore, a simpler view of continence is more attrac- 
tive to both surgeon and patient. This observation 
should not be seen as a criticism of surgery for stress 
incontinence because operative therapy has proved to be 
remarkably effective despite its empirical nature. Pro- 
gress, however, may result from a better understanding 
of the specific mechanism of continence. 
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Fig. 1 Lateral view of the continence mechanism, showing the 
attachments of the endopelvic fascia to the arcus tendineus fasciae 
pelvis (Arcus tend. fasc. pelv.) and to the levator ani muscles [8] 
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it against an underlying sidewalk. If, however, the layer 
under the urethra becomes unstable and does not pro- 
vide a firm backstop against which abdominal pressure 
can compress the urethra, the opposing force that causes 
closure is lost and the occlusive action is diminished. The 
latter situation is similar to that in which one tries to 
stop the flow of  water through a garden hose by stepping 
on it while it lies on soft soil. 
This analogy could help us explain why some patients 
who have a large cysto-urethrocele and in whom the 
urethra is far below its normal position might nonethe- 
less be continent. If  this suburethral layer establishes its 
stability, albeit at a lower level, this mechanism could 
remain effective (Fig. 3). 
Fig. 2 View of the urethra and vagina, cut in cross section just below 
the vesical neck demonstrating how abdominal pressure (arrow) can 
compress the urethra against the underlying fascia [8] 
A relevant question as yet unanswered is the follow- 
ing: how does this apparatus keep the urethra closed 
tightly enough that increases in vesical pressure during a 
forceful cough do not force urine out through the ure- 
thra (i.e., to maintain the positive pressure gradient 
where the urethral closure pressure is greater than the 
bladder pressure). Some preliminary insight into this 
question can be gained by examination of  anatomic 
specimens using simulated increases in abdominal pres- 
sure. This view reveals that the urethra lies in a position 
where it can be compressed against the supporting 
hammock by rises in abdominal pressure (Fig. 2) [8]. In 
consideration of this layer it should be recognized that in 
normal women the anterior vaginal wall is in contact 
with the posterior vaginal wall, and further work will be 
needed to establish the relative contributions of  these 
walls to urethral support. 
In this conceptual model it is the stability of  these 
supporting layers rather than the height of  the urethra 
that determines stress continence. In an individual with a 
firm supportive layer the urethra would be compressed 
between abdominal pressure and pelvic fascia in much 
the same way that one can stop the flow of water 
through a garden hose by stepping on it and compressing 
Coordination problems 
The essence of this urethral support concept is its mul- 
tifaceted nature. There is no single structure that pro- 
vides urethral support, but rather support is provided by 
the coordinated action of fasciae and muscles under 
neural control acting as an integrated unit. The pelvic 
muscles are known to contract during increases in 
abdominal pressure, indicating their potential partici- 
pation in preventing urinary loss. Changes in pelvic 
nerve function have also been shown to be associated 
with stress incontinence, and this may influence conti- 
nence by resulting in weaker muscles or through loss of 
muscle coordination. In addition, even if the muscle and 
its nerve supply is intact a patient might have a defect in 
the connection between the fascia supporting the urethra 
such that muscular contraction is mechanically uncou- 
pled from urethral support. Damage to any element of 
the stress-continence control system might lessen a 
women's ability to remain continent during increases in 
abdominal pressure. Recent observations in our unit 
demonstrate that certain stress-incontinent women can 
significantly decrease incontinence in a single visit simply 
by learning to contract their pelvic muscles in anticipa- 
tion of a cough [20]. In these women the muscles have 
not become stronger, nor have connective tissues healed. 
These individuals have simply recreated the normal co- 
ordination of pelvic muscle contraction that they pre- 
sumably had lost. More research will be needed to 
Fig. 3 A. Diagram showing 
abdominal pressure closing the 
urethra against the underlying 
urethral supports. B. In this 
diagram the supporting tissues 
are unstable and do not form a 
firm layer against which the 
urethra can be compressed. C. 
A cystourethrocele in which the 
urethra is much lower than 
normal but has a strong sup- 
portive layer that allows ure- 
thral compression [8] 
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determine how many women with stress incontinence 
lack this normal precontraction of the pelvic muscles 
and which women can reprogram their pelvic muscles to 
achieve continence. 
Sphincter problems: vesical neck and urethra 
In addition to lower-urinary-tract support, vesical neck 
and urethral structure should also contribute to conti- 
nence. The term vesical neck is a regional and functional 
one as previously discussed and does not refer to a single 
anatomic entity. It denotes that area at the base of the 
bladder where the urethral lumen passes through the 
thickened musculature of the bladder base. It has come 
to be considered separately from the bladder and urethra 
because there are some unique functional characteristics 
of  this area. Specifically, loss of adrenergic stimulation 
or damage to this area results in its failure to close 
properly, and when this is the cause of stress inconti- 
nence, simple urethral suspension is often ineffective in 
curing this problem [18]. 
Some plausible hypothesis as to why poor  vesical 
neck closure might influence continence is needed. Al- 
though difficult to prove, it seems likely that the change 
in bladder-base shape may be influential [14]. Increased 
fluid pressure in a container acts perpendicularly to the 
walls. When the bladder base is flat this pressure tends 
not to dilate the bladder. However, when funneling oc- 
curs, then an wedge-shaped bolus of urine exists that can 
drive the urethra open despite its normal support. That  
collagen injection, which changes the shape of the vesical 
neck lumen but not the closure pressure, alleviates stress 
incontinence is consistent with this hypothesis. 
Urethra 
Common practice has been to discount the urethra's role 
in maintaining continence because urethral suspension 
cures incontinence without changing the urethral closure 
pressure. The creation of  an artificial continence mech- 
anism, however, does not allow us to make conclusions 
about normal continence, and several observations 
support the concept that the urethra does play a role in 
continence. First, women with stress incontinence have 
lower urethral closure pressures (34 cmH20)  as com- 
pared with a group of age-matched continent women 
(68 cmH20) [13]. Second, excision of the distal urethra 
can create stress incontinence in previously continent 
women [24]. Third, in 50% of  continent women, urine 
passes the level of the vesical neck in response to 
coughing, only to be returned to the bladder by the 
urethral musculature [29]. Although women who are 
continent at the vesical neck do not need urethral 
function to remain dry, those in whom urine passes 
beyond this level do. 
The urethra is a complex tubular viscus extending 
below the bladder. Embedded within its substance are a 
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Table 1 Topography of urethral and paraurethral structures ~'b 
Approximate Region of the urethra Paraurethral structures 
location ° 
0-20 Intramural urethra Urethral lumen traverses 
the bladder wall 
20-60 Midurethra Sphincter urethrae muscle 
Pubovesical muscle 
Vaginolevator attachement 




80-100 Distal urethra Bulbocavemosus muscle 
a Smooth muscle of the urethra was not considered 
b Expressed as percentage of the total urethral length 
°Reprinted with permission from the American College of Ob- 
stericians and Gynecologists [8] 
number of elements that are important  to lower-urinary- 
tract dysfunction. Their locations are summarized in 
Table 1 [6]. Both the muscle of the striated urogenital 
sphincter muscle and the smooth muscle act to constrict 
the urethral lumen [26]. These structures not only di- 
minish with age [5] but also show evidence of denerva- 
tion injury [11]. 
Innervation 
Recent studies have demonstrated alterations in pu- 
dendal nerve function in women with stress urinary in- 
continence [27, 28]. At present it is unclear why this 
neuropathy results in decreased continence. The strength 
of the association between stress incontinence and neu- 
ropathy, however, suggests that it should be seriously 
considered. Nerve damage might change several things 
about the continence mechanism, resulting in decreased 
reserve. Loss or weakening of levator ani muscle con- 
traction during a cough could destabilize the supportive 
layer and prevent abdominal pressure from being ca- 
pable of compressing the urethra against the endopelvic 
fascia. In addition, decreases in urethral closure pressure 
would diminish the pressure differential that need be 
overcome to cause incontinence. Specific testing of these 
hypotheses will be needed to determine whether they are 
relevant and how frequently they occur as a cause of 
incontinence. 
There are several levels at which the continence 
mechanism can fail. The endopelvic fascia may detach 
from its lateral attachments (paravaginal defect) and this 
may involve the levator ani muscles. The normal neural 
control of the muscle may be lost such that contraction 
cannot occur, or it may not be activated at the right 
time. The vesical neck may fail to close and the urethra 
may not have sufficient constriction that it can keep 
urine from escaping once the vesical neck has been 
transgressed. It is likely that most women have a com- 
bination of  defects and that sorting them out will require 
large studies of incontinent and continent women. 
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Will it make any difference to understand the details 
of how the continence mechanism works? 
One wonders whether a better understanding of conti- 
nence physiology could lead to improved treatment 
outcomes for incontinent women. Why would a change 
from empirically based treatment to therapy directed at 
an exact understanding of the defects involved in in- 
continence make a difference? The following story [9] is 
provided to call attention to the difference between 
empirically based treatments as currently used and those 
based on knowledge of the specific nature of an indi- 
vidual's injury. 
Imagine that you have fallen, twisting your left leg 
awkwardly beneath you. As you get up you find that 
your leg is difficult to control and that the knee seems 
unstable. An orthopedic surgeon examines your leg in 
the emergency room, confirms that your knee moves 
abnormally, and diagnoses genu instabilicus. He suggests 
an operation to fuse your knee permanently in a straight 
position to eliminate the instability. 
The problems with this approach are immediately 
apparent. First, an accurate anatomic diagnosis has not 
been made. Is the cartilage torn? Is collateral ligament 
ruptured? Did the quadriceps tendon avulse from the 
patella? Might you have injured a nerve that has altered 
muscular control? In consideration of these questions it 
is apparent that the physician's diagnosis has simply 
reiterated your symptoms in a medical-sounding phrase. 
It has not established what is wrong with the anatomic 
components of the knee. In addition, an operation has 
been planned that may solve the instability but will 
disrupt normal function. The surgeon may be quite 
satisfied that your knee does not wobble after the op- 
eration, but you may not be happy hobbling around on 
a stiff leg. 
As obvious as the problems with this scenario are, the 
diagnostic and therapeutic approach it illustrates is un- 
comfortably close to the current diagnosis and treatment 
of stress urinary incontinence. A woman seeking care for 
incontinence who says she is wet when she coughs, 
sneezes, or performs activities that increase abdominal 
pressure is examined, tested, and told she has stress 
urinary incontinence. This gives a name to the symptoms 
she has provided. It does not, however, say anything 
about the actual damage that has occurred, be it neu- 
rologic, ligamentous, or muscular. Treatment is some- 
times instituted irrespective of the specific anatomic 
lesion involved. If surgery is proposed, it may cure the 
incontinence but may lead to loss of other normal uri- 
nary tract function in the form of difficulty with normal 
urination [16], new detrusor instability [4], or pelvic or- 
gan prolapse in the form of an enterocele [30]. Alter- 
natively, pelvic muscle exercise may be prescribed, which 
helps many (but by no means all) women, and is im- 
plemented regardless of whether a patient has intact 
innervation to her pelvic floor muscles or whether the 
muscles have become detached from their connections. 
Pelvic-muscle exercise 
One definite way in which an understanding of the 
specific continence-system injuries might improve our 
treatment concerns the effectiveness of pelvic muscle 
exercise. Women with stress urinary incontinence are 
often told to perform pelvic muscle exercise to improve 
their continence. An individual who has sustained sig- 
nificant denervation at the time of vaginal birth and who 
has lost all control of her pelvic muscles could not be 
expected to improve any more than paraplegics could be 
expected to improve their leg-muscle strength. Since half 
of women treated with muscle strengthening fail to re- 
duce their wetting episodes by 50% and only about one 
in six is dry [3], the question as to why this treatment is 
variably effective arises. 
A woman who has lost the nerve supply to the pelvic 
muscles will not succeed in improving continence with 
pelvic muscle exercise. Similarly, a women whose mus- 
cles have been torn from their normal attachments might 
not be expected to get better. On the other hand, dra- 
matic improvements in continence occur in women who 
have lost the normal unconscious activation of the pelvic 
muscles during a cough but are capable of learning that 
skill. Women whose muscles contract normally but are 
too weak to maintain continence can exercise their 
muscles such that the latter become strong enough to 
withstand the forces placed on them. 
Precision in patient selection might improve the suc- 
cess of pelvic muscle education without changing the 
regimens used. If we can exclude as inappropriate can- 
didates for this mode of therapy all women who have 
lost the nerve supply to the muscles and those in whom 
urethral supports have become disconnected from the 
muscles, then the success of the pelvic-muscle skill in- 
struction and pelvic muscle strengthening will rise. 
Women destined from the start to fail muscle training 
because of their anatomic or functional abnormality 
should be triaged into other effective therapy and saved 
the frustration and expense of trying something they 
cannot do. 
Voiding paradox 
Another way in which an understanding of the dynamic 
nature of continence helps us to understand clinical 
problems concerns postoperative voiding difficulties seen 
in women whose urethras are sewn immovably to bone. 
There is an ironic paradox between the concept of nor- 
mal continence control and the operations for stress 
incontinence. Many women void by increasing abdo- 
minal pressure to facilitate bladder emptying. Although 
this is not a normal mechanism, it is quite commonly 
used and is responsible for a voiding mechanism in ap- 
proximately one-fourth of stress-incontinent women. 
This is accomplished through relaxation of the pelvic 
floor musculature, which puts the continence mechanism 
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in a configuration in which increases in abdominal  
pressure favor  emptying. 
Operat ions do not change the resting urethral pres- 
sure. The goal of  stress incontinence surgery is to create 
perfect pressure transmission, where increases in abdo- 
minal pressure are countered by equal or greater in- 
creases in urethral closure pressure. Therefore, if an 
operat ion achieves success by permanently fixing the 
urethra in place where pressure transmission is perfect, 
that  women loses the ability to void or to augment  uri- 
nation by the Valsalva maneuver.  In women who have 
previously voided by the Valsalva maneuver  the detrusor 
muscle must  be reawakened to contact before complete 
emptying can occur. I f  there is sufficient nerve loss to the 
detrusor muscle that  it cannot  be called into action, then 
spontaneous voiding cannot  occur. In these individuals 
there are only two possibilities: some stress incontinence 
and the ability to empty the bladder by the Valsalva 
maneuver  or no stress incontinence and the need for 
intermittent self-catheterization. This highlights the im- 
portance of the dynamic nature of  the continence 
mechanism and its ability to switch between pressure 
transmission and voiding function. That  this is under 
muscular  control is supported by Bump et al.'s obser- 
vations [2] that pressure transmission is decreased when 
the muscles of  the pelvic floor are paralyzed. 
since some studies fail to reveal a difference between 
urethral support  in stress-continent and stress-inconti- 
nent women [12]. There is a real and consistent differ- 
ence in the average maximal  urethral closure pressure 
measured in incontinent and continent women, yet the 
urethra has largely been ignored as par t  of  the patho- 
physiology [13, 28]. This remarkable  resistance to the 
acceptance of  scientific data likely comes f rom surgeons' 
desire to believe that they are recreating the normal.  It  is 
hard for us to accept that out operations for stress in- 
continence are empirical and bypass the normal  conti- 
nence mechanism. Recognition that operations create a 
new form of continence should not make us any less 
enthusiastic about  their effectiveness. That  a gastric ex- 
clusion operation corrects obesity does not suggest that  
an abnormally  large stomach is responsible for obesity, 
nor  does the failure of  this surgery to address the cellular 
and behavioral  problems involved in obesity make the 
operat ion any less effective. We must  begin to accept the 
empirical nature of  our operations and recognize both 
their advantages and their disadvantages. This will lead 
us to a proper  recognition of the damage existing in 
individual women and toward the selection of t reatment  
that is appropr ia te  for the damage present. 
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